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DOUBLE DATA RATE COUNTER, AND
ANALOG-DIGITAL CONVERTING
APPARATUS AND CMOS IMAGE SENSOR
USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority of Korean Patent
Application No. 10-2013-0068435, filed on Jun. 14, 2013,
which is incorporated herein by reference in its entirety.

BACKGROUND

1. Field

Exemplary embodiments of the present invention relate to
anintegrated circuit design, and more particularly, to a double
data rate (DDR) counter, an analog-digital converter, and a
CMOS image sensor using the same.

2. Description of the Related Art

In general, an analog-digital converter (ADC) may be used
for various electronic devices to convert a valid physical
parameter, such as intensity of light, intensity of sound, or
time, into a digital signal.

For example, an image sensor acquires an image by using
the properties of semiconductor responding to incident light,
and includes an analog-digital converter to convert an analog
signal outputted from a pixel array into a digital signal. The
analog-digital converter includes a counter to perform a
counting operation using a clock.

Meanwhile, the operating speed and power consumption of
the counter have a direct effect on the performance of a device
or system including the counter. In particular, a CMOS image
sensor may include a plurality of counters to convert analog
signals, which are outputted in the unit of column from an
active pixel sensor array, into digital signals. The number of
counters may be increased depending on the resolution of the
CMOS image sensor. As the number of counters increases,
the operating speed and power consumption of the counter
may serve as an important factor to determine the entire
performance of the image sensor.

Thus, a double data rate (DDR) counter is proposed to
reduce the power consumption in a CMOS image sensor
using a single-slope ADC. The DDR counter may realize the
same resolution while reducing counter speed to the half.
Furthermore, the DDR counter may apply a digital double
sampling (DDS) technique to remove an offset by using out-
put codes of a reset voltage and a signal voltage, respectively.

However, in order to implement the conventional DDR
counter, the number of peripheral circuits, such as flip-flops
and multiplexers, may increases. With the increase in number
of the peripheral circuits, circuit complexity inevitably
increases. As a result, the power consumption of the counter
may be increased, and the operating speed of the counter may
be reduced.

SUMMARY

Various embodiments of the invention are directed to a
DDR counter that may reduce power consumption and
increase operating speed by using a simple circuit, and an
analog-digital converter and a CMOS image sensor using the
same.

Other embodiments of the invention are directed to a DDR
counter, which utilizes a sampled clock as the least significant
bit (LSB) of the counter and determines the state of the
sampled clock, which is to be used as the L.SB of the counter
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in a main counting period based on the LSB of a reset count-
ing period, so that counting is continuously performed from
the reset counting period to the main counting period, and an
analog-digital converter and a CMOS image sensor using the
same.

In an embodiment, a double data rate (DDR) counter may
include a clock selection unit suitable for selectively inverting
a first counting clock based on a control signal and for out-
putting a second counting clock, a first latch stage suitable for
latching the second counting clock based on a counting
enable signal and for outputting the least significant bit (LSB)
of'the DDR counter, a determination unit suitable for gener-
ating the control signal based on the last bit state of the LSB
in areset counting period, and a second latch stage suitable for
receiving the LSB as a clock input to generate a higher bit of
the LSB at least in a main counting period.

Inan embodiment, an analog-digital converter may include
a comparator suitable for comparing an analog signal with a
reference signal and for generating a comparator output sig-
nal, and a DDR counter suitable for performing a counting
operation on the comparator output signal based on a clock
and for generating a digital signal corresponding to the analog
signal. The DDR counter may include an inversion unit suit-
able for selectively inverting the comparator output signal in
the reset counting period based on an inversion selection
signal and for outputting a counting enable signal, a counting
clock generation unit suitable for generating a first counting
clock based on the clock, the counting enabling signal, and a
counter start signal, a clock selection unit suitable for selec-
tively inverting the first counting clock based on a control
signal and for outputting the second counting clock, a first
latch stage suitable for outputting the second counting clock
based on the counting enable signal and for outputting the
least significant bit (LSB) of the DDR counter, a determina-
tion unit suitable for generating the control signal based on
the last bit state of the L.SB in the reset counting period, and
a second latch stage suitable for receiving the LSB as a clock
input to generate a higher bit of the LSB at least in a main
counting period.

In an embodiment, a CMOS image sensor may include a
pixel array suitable for generating an analog signal corre-
sponding to incident light, a plurality of comparators, each
suitable for comparing the analog signal with a ramp signal
and for generating a comparator output signal, a plurality of
DDR counters, each suitable for performing a counting
operation on the corresponding comparator output signal
based on a clock provided from the control unit and for
generating a digital signal corresponding to the analog signal,
and a control unit suitable for controlling the operations of the
pixel array, the comparators, and DDR counters. Each of the
DDR counter may include an inversion unit suitable for selec-
tively inverting the corresponding comparator output signal
in the reset counting period based on an inversion selection
signal provided from the control unit and for outputting a
counting enable signal, a counting clock generation unit suit-
able for generating a first counting clock based on the clock,
the counting enabling signal, and a counter start signal pro-
vided from the control unit, a clock selection unit suitable for
selectively inverting the first counting clock based on a con-
trol signal and for outputting the second counting clock, a first
latch stage suitable for outputting the second counting clock
on the counting enable signal and for outputting the least
significant bit (LSB) of the corresponding DDR counter, a
determination unit suitable for generating the control signal
based on the last bit state of the LSB in a reset counting



US 9,191,011 B2

3

period, and a second latch stage suitable for receiving the LSB
as a clock input to generate a higher bit of the LSB at least in
a main counting period.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram illustrating a ripple counter.

FIG. 2 is a timing diagram of the ripple counter shown in
FIG. 1.

FIG. 3 is an expected timing diagram of a DDR counter.

FIG. 4 is a circuit diagram of a DDR counter in accordance
with an embodiment of the present invention.

FIGS. 5 and 6 are timing diagrams of the DDR counter
shown in FIG. 4.

FIG. 7 is a circuit diagram illustrating an analog-digital
converter in accordance with an embodiment of the present
invention.

FIG. 8 is a block diagram illustrating a CMOS image
sensor in accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION

Various embodiments will be described below in more
detail with reference to the accompanying drawings. The
present invention may, however, be embodied in different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the present invention to
those skilled in the art. Throughout the disclosure, reference
numerals correspond directly to the like numbered parts in the
various figures and embodiments of the present invention.

In this disclosure, when one part is referred to as being
‘connected’ to another part, it should be understood that the
former can be “directly connected’to the latter, or ‘electrically
connected’ to the latter via an intervening part. Furthermore,
when it is described that one comprises (or includes or has)
some elements, it should be understood that it may comprise
(or include or has) only those elements, or it may comprise (or
include or have) other elements as well as those elements if
there is no specific limitation. The terms of a singular form
may include plural forms unless referred to the contrary.

In the following embodiments of the present invention, a
single-slope ADC will be taken as an example for description.
However, the present invention may be applied to a multi-
slope ADC or an apparatus requiring a DDR counter. Thus,
the present invention is not limited to the single-slope ADC.

FIG. 1 is a circuit diagram illustrating a ripple counter.

For example, a basic structure of a counter of a single-slope
ADC is based on a ripple counter, and the ripple counter
counts a pulse period by using a clock.

Referring to FIG. 1, the ripple counter includes first to
fourth stages 110 to 140 coupled in series.

The ripple counter may include latch (or flip-flop) stages
based on the bit number of a digital signal corresponding to a
counting result. FIG. 1 illustrates the ripple counter including
four latch stages, that is, the first to fourth stages 110 to 140,
for convenience of description. The number of the latch
stages included in the ripple counter may be changed corre-
sponding to the bit number of a binary code. FIG. 1 illustrates
that the ripple counter generates four bit signals D[0], D[1],
DJ[2], and D[3], that is, a four-bit binary code D[0:3].

The ripple counter has a cascade structure in which the
plurality of stages 110 to 140 are sequentially toggled by
output signals of previous stages, respectively. That is, the
first stage 110 is toggled in response to a signal inputted to a
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clock terminal thereof, the second stage 120 is toggled in
response to an output signal of the first stage 110, which is
inputted to a clock terminal thereof, the third stage 130 is
toggled in response to an output signal of the second stage
120, which is inputted to a clock terminal thereof, and the
fourth stage 140 is toggled in response to an output signal of
the third stage 130, which is inputted to a clock terminal
thereof. In this way, the bit signals D[0], D[1], D[2], and D[3]
of which the cycles are sequentially doubled are generated.
Here, the signal inputted to the clock terminal of the first stage
110 may be obtained by performing an AND operation on a
comparator output signal COMP_OUT (i.e., a counting
enable signal, a counting period signal, or a clock sampling
signal) and a clock CLK. A NAND gate 150 receives the
comparator output signal COMP_OUT and the clock CLK
and perform an AND operation on the signals, so that a
sampled clock CLK_SAMPLED corresponding to the pulse
period of the comparator output signal COMP_OUT may be
obtained.

FIG. 2 is a timing diagram of the ripple counter shown in
FIG. 1. Further, FIG. 3 is an expected timing diagram of a
DDR counter. For reference, for convenience of description,
only the first to third bit signals D[0], D[1], and D[2] are
illustrated in FIGS. 2 and 3.

Referring to FIG. 2, the first bit signal D[0] generated from
the first stage 110 is toggled in response to a rising edge of the
clock CLK, and the second and third bit signals D[1] and D[ 2]
generated from the second and third stages 120 and 130 are
toggled in response to falling edges of output signals of the
previous stages, for example, adjacent lower bit signals,
respectively. That is, the second bit signal D[1] is toggled in
response to a falling edge of the first bit signal D[0], and the
third bit signal D[2] is toggled in response to a falling edge of
the second bit signal D[1]. As a result, the first to third bit
signals D[0], D[1], and D[2] have the cycles, which are
sequentially doubled.

Referring to FIG. 3, the DDR counter has the same count-
ing speed with the ripple counter while having a clock fre-
quency corresponding to %2 of the clock frequency of the
clock CLK shown in FIG. 2. That is, since the DDR counter
performs counting two times in each cycle of the clock CLK,
the DDR counter may operate with an operating speed two
times higher than the ripple counter.

FIG. 4 is a circuit diagram of a DDR counter in accordance
with an embodiment of the present invention. FIG. 5 is a
timing diagram when the least significant bit (LSB) of the
DDR counter is at a low state shown in FIG. 4. FIG. 6 is a
timing diagram when the LSB of the DDR counter is at a high
state in the DDR counter shown in FIG. 4.

For example, a counter of a single-slope ADC using digital
double sampling (DDS) technique counts a reset voltage
value from a pixel array, counts a signal voltage value based
on the reset level, and generates a difference therebetween.
Here, the counting operation may be realized through an
up/down counting method or only an up counting method.
When only the up counting method is used, two counting
periods including a reset counting period and a signal count-
ing period (i.e., a main counting period) must be consecu-
tively counted.

The counter in accordance with the embodiment of the
present invention utilizes a second counting clock SEIL_
CLK_SAMPLED as the LSB of the counter, for a DDR
counting operation. Furthermore, in order to implement the
DDS through the up counting method, a counting value of the
reset counting period is latched until the signal counting
period such that counting is consecutively performed.
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Referring to FIG. 4, the DDR counter in accordance with
the embodiment of the present invention includes a clock
selection unit 430, a first stage 440, a determination unit 450,
and a second stage 460. The clock selection unit 430 may
invert or non-invert a first counting clock (i.e., a sampled
clock) CLK_SAMPLED generated from a counting clock
generation unit 420 based on a control signal CTRL from the
determination unit 450, and output a second counting clock
(i.e., the inverted or non-inverted first counting clock) SEL._
CLK_SAMPLED to the first stage 440. The first stage 440
may output the second counting clock SEL_CLK_
SAMPLED from the clock selection unit 430 as the LSB of
the counter. The determination unit 450 may generate the
control signal CTRL based on the last bit state of the output
bit of the first stage 440 in the reset counting period (i.e.,
based on the last bit state of the LSB in the reset counting
period). The second stage 460 may receive an output bit of the
first stage 440 as a clock and operate as a ripple counter.

The clock selection unit 430 may include a switch 431 and
an inverter 432. The switch 431 may select a pass path or
inversion path according to the control signal CTRL from the
determination unit 450, and the inverter 432 may invert the
counting clock provided from the counting clock generation
unit 420 as the inversion path is selected by the switch 431.
The clock selection unit 430 selects the pass path when the
control signal CTRL from the determination unit 450 has a
value of ‘0’. Then, the inverter 432 does not invert the count-
ing clock provided from the counting clock generation unit
420, but passes the counting clock to output the second count-
ing clock SEI._CLK_SAMPLED to an input terminal of the
first stage 440. When the control signal CTRL from the deter-
mination unit 450 has a value of *1°, the switch 431 selects the
inversion path. Then, the inverter 432 inverts the counting
clock provided from the counting clock generation unit 420
and outputs the select signal SEL._CLK_SAMPLED to the
input terminal of the first stage 440.

The first stage 440 may include a first latch 441 configured
to latch the second counting clock from the clock selection
unit 430 and output the latched clock as the LSB of the
counter. Here, the first latch 441 may be implemented with a
controlled latch. The controlled latch operates as a latch dur-
ing a period in which the clock is in a logic high level, and
operates as a general buffer during a period in which the clock
is in a logic low level. Furthermore, the controlled latch may
define an initial state. Thus, the first latch 441 is initialized in
response to an initialization signal INIT inputted to an initial-
ization terminal, and operates at a falling edge of a counting
enable signal CNT inputted to a clock terminal from an inver-
sion unit 410 so as to latch the second counting clock from the
clock selection unit 430. Then, the first latch 441 outputs the
LSB DJO0] of the counter to a negative output terminal, and
outputs an output bit to a positive output terminal.

The determination unit 450 may include a second latch 451
that may generate the control signal CTRL denoting whether
or not to invert the first counting clock CLK_SAMPLED and
to output the second counting clock SEL._CLK_SAMPLED,
based on the last bit state of the output bit of the first stage 440
in the reset counting period. Here, the second latch 451 may
be implemented with a controlled latch. The controlled latch
operates as a latch during a period in which the clock is in a
logic high level, and operates as a general buffer during a
period in which the clock is in a logic low level. Furthermore,
the controlled latch may define an initial state. Thus, the
second latch 451 is initialized according to an initialization
signal INIT inputted to an initialization terminal, and operates
at a rising edge of the counting enable signal CNT inputted to
a clock terminal from the inversion unit 410 so as to receive an
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output bit from the second output terminal of the first latch
441 through an input terminal. Then, the second latch 451
determines whether or not to invert the first counting clock
SEL_CLK_SAMPLED and outputs the second counting
clock SEL,_CLK_SAMPLED, based on the last bit state of
the output bit of the first stage 440, and outputs the control
signal CTRL corresponding to the determination result to a
control terminal of the clock selection unit 430 through an
output terminal.

Referring to FIGS. 5 and 6, the determination unit 450
determines the state of the second counting clock SEL._CLK _
SAMPLED to be used as an input clock of the first stage 440
in the signal counting period, based on the last bit state of the
second counting clock SEI,_CLK_SAMPLED, that is, the
last bit state of the output bit (LSB) of the first stage 440 in the
reset counting period. For example, a high/low value of the
LSB, when the counting enable signal CNT is changed from
a high level to a low level during the reset counting period.
Then, the determination unit 450 outputs the control signal
CTRL corresponding to the determination result to the dock
selection unit 430.

Referring to FIG. 5, when the counting enable signal CNT
is changed from a high level to a low level during the reset
counting period, the second counting clock SEL_CLK_
SAMPLED to be used as an input clock of the first stage 440
is non-inverted (same phase) because the last bit state of the
second counting clock SEL,_CLK_SAMPLED is in a logic
low level. Since the second counting clock is outputted as an
output bit from the first stage, the second counting clock has
the same bit state as the LSB of the reset counting period
among the output bits.

Referring to FIG. 6, when the counting enable signal CNT
is changed from a high level to a low level during the reset
counting period, the second counting clock SEL_CLK_
SAMPLED to be used as an input clock of the first stage 440
is inverted because the last bit state of the second counting
clock SEL._CLK_SAMPLED is in a logic high level, thereby
connecting the reset counting period and the signal counting
period. Since the second counting clock is outputted as an
output bit from the first stage, the second counting clock has
the same bit state as the LSB of the reset counting period
among the output bits.

The second stage 460 may receive an output bit from the
first stage 440 through a clock terminal thereof and operate as
a ripple counter. That is, the second stage 460 toggles in
response to the output bit from the first stage 440, which is
inputted to the clock terminal.

The DDR counter in accordance with the embodiment of
the present invention further includes a inversion unit 410 that
may invert a comparator output signal (i.e., a basic counting
enable signal, a counting period signal, or a clock sampling
signal) COMP_OUT in a reset period pulse based on an
inversion selection signal COMP_OUT_IVN from a control
unit (not illustrated in F1G. 4), and output the counting enable
signal CNT to the counting clock generation unit 420. Here,
the inversion unit 410 may include a switch 411 and an
inverter 412. The switch 411 may select a pass path or inver-
sion path based on the inversion selection signal COMP_OU-
T_IVN from the control unit (not illustrated in FIG. 4), and
the inverter 412 may invert the reset period pulse of the
comparator output signal COMP_OUT as the inversion path
is selected by the switch 411.

The DDR counter in accordance with the embodiment of
the present invention further includes the counting clock gen-
eration unit 420 that may generate a first counting clock
CLK_SAMPLED using a clock CLK and a counter start
signal Count_start from the control unit (not illustrated in
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FIG. 4) and the counting enable signal from the inversion unit
410, and output the generated clock to the clock selection unit
430. Here, the counting clock generation unit 420 may
include an AND gate 421 and a NAND gate 422. The AND
gate 421 may perform an AND operation on the clock CLK
and the counter start signal Count_start from the control unit,
and the NAND gate 422 may perform a NAND operation on
an output signal of the AND gate 421 and the counting enable
signal CNT from the inversion unit 410.

The DDR counter in accordance with the embodiment of
the present invention further includes a plurality of stages
where each may receive an output bit of an upper stage as a
clock and operate as a ripple counter. That is, the DDR
counter further includes a third stage 470 that may receive an
output bit of the second stage 460 as a clock and operate as a
ripple counter and a fourth stage 480 that may receive an
output bit of the third stage 470 as a clock and operate as a
ripple counter. The DDR counter may include a larger number
of'stages according to the bit number of a digital signal. At this
time, the third stage 470 is toggled in response to the output
bit of the second stage 460, which is inputted to a clock
terminal thereof, and the fourth stage 480 is toggled in
response to the output bit of the third stage 470, which is
inputted to a clock terminal thereof.

Since the DDR counter in accordance with the embodi-
ment of the present invention has an operating speed two
times higher than a typical counter, the DDR counter may
provide a binary code increased by one bit with respect to a
clock having the same period and the same counting time.
Thus, the DDR counter may provide a more precise counting
value by controlling the slope of a ramp signal. Furthermore,
although the DDR counter uses a clock of which the fre-
quency is reduced by half] that is, a clock of which the cycle
is doubled, the DDR counter may provide a counting value
having the same magnitude within the same time as a typical
ripple counter. Thus, the DDR counter in accordance with the
embodiment of the present invention may reduce power con-
sumption according to the reduction in frequency of the
clock, and may increase the operating margin of the counter
and a device or system including the same.

FIG. 7 is a configuration diagram of an analog-digital
converter in accordance with an embodiment of the present
invention.

Referring to FIG. 7, the analog-digital converter in accor-
dance with the embodiment of the present invention includes
a comparator 710 and a DDR counter 720.

The comparator 710 may compare an input analog signal
VANA with a reference signal VRAMP and generate a com-
parator output signal COM_OUT. The analog signal VANA
may indicate an arbitrary valid physical parameter, such as
intensity of light, intensity of sound, or time, and the physical
parameter, may correspond to the voltage level of the analog
signal. In this case, the reference signal VRAMP may be
provided as a ramp signal, which rises or falls with a constant
slope, in order to compare the voltage level of the analog
signal. The comparator 710 may compare the voltage level of
the analog signal VANA to the reference signal, that is, the
voltage level of the ramp signal, and generate the comparator
output signal COMP_OUT, which changes when the voltage
levels are equalized.

As aresult, the physical parameter indicated by the voltage
level of the analog signal VANA is expressed as the transition
time of the comparator output signal COMP_OUT, that is, a
quantity of time. For example, when the comparator output
signal COMP_OUT changes to a logic low level may indicate
an end time point of the counting operation.
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The DDR counter 720 may perform a counting operation
on the comparator output signal COMP_OUT based on a
clock CLK and generate a digital signal D[0], D[1], D[2], and
DJ[3] corresponding to the analog signal. The DDR counter
720 includes a clock selection unit 430, a first stage 440, a
determination unit 450, and a second stage 460. The DDR
counter 720 may further include third and fourth stages 470
and 480 and additional stages according to the bit number of
the digital signal corresponding to the counting result. The
DDR counter 720 may further include an inversion unit 410
and a counting clock generation unit 420.

The inversion unit 410 selectively inverts the comparator
output signal COMP_OUT in areset period pulse based on an
inversion selection signal COMP_OUT_IVN from a control
unit (not illustrated), and outputs a counting enable signal
CNT to the counting clock generation unit 420. The counting
clock generation unit 420 generates a first counting clock
CLK_SAMPLED using a clock CLK and a counter start
signal Count_start from the control unit and the counting
enable signal CNT from the inversion unit 410, and outputs
the generated clock to the clock selection unit 430. The clock
selection unit 430 inverts or non-inverts the counting clock
provided from the counting clock generation unit 420 accord-
ing to a control signal CTRL from the determination unit 450,
and outputs a second counting clock SEL._CLK_SAMPLED
to the first stage 440. The first stage 440 outputs the second
counting clock from the clock selection unit 430 as the LSB of
the counter. The determination unit 450 outputs the control
signal CTRL to the clock selection unit 430 based on the last
bit state of the L.SB in a reset counting period among output
bits from the first stage 440. The second stage 460 receives an
output bit from the first stage 440 as a clock and operates as a
ripple counter. The third stage 470 receives an output bit from
the second stage 460 as a clock and operates as a ripple
counter. The fourth stage 480 receives an output bit from the
third stage 470 as a clock and operates as a ripple counter.

Since the DDR counter 720 has the same configuration and
operation as those of the DDR counter described with refer-
enceto FIG. 4, the duplicated descriptions are omitted herein.

FIG. 8 is a configuration diagram of a CMOS image sensor
in accordance with an embodiment of the present invention.

Referring to FIG. 8, the CMOS image sensor in accordance
with the embodiment of the present invention includes a pixel
array 810, a driver and address decoder 820, a control unit
830, a ramp signal generation unit 840, a comparison block
850, and a counting block 860.

The pixel array 810 includes a plurality of unit pixels each
arranged to convert incident light into an electrical analog
signal. The driver and address decoder 820 may control the
operation of the pixel array in the unit of row and/or column.
The control unit 830 may generate clocks and control signals
for controlling operation timings of the respective compo-
nents of the CMOS image sensor. Here, the clocks and control
signals generated from the control unit 830 may include the
clock CLK, the counter start signal Count_start, the inversion
selection signal COMP_OUT_IVN, and the initialization sig-
nal INIT described above.

The analog pixel signal read from the pixel array 810 is
converted into a digital signal by an analog-digital converter
including the comparison block 850 and the counting block
860. The pixel signal is outputted and processed in the unit of
column. For this operation, the comparison block 850 and the
counting block 860 may include a plurality of comparators
851 and a plurality of counters 861, respectively, which are
provided in the unit of column. As the plurality of signal
processing units provided in the unit of column are used to
process pixel signals corresponding to one row in parallel at
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the same time, the CMOS sensor may have an improved
performance in terms of band performance or noise and oper-
ate at high speed.

The pixel array 810 sequentially outputs a first analog
signal indicating a reset component for correlated double
sampling and a second analog signal indicating an image
signal component. Based on the first and second analog sig-
nals, the analog-digital converter including the comparison
block 850 and the counting block 860 digitally perform the
correlated double sampling, that is, digital double sampling
(DDS).

That is, the analog-digital converter counts the first analog
signal indicating a reset component, and counts the second
analog signal indicating an image signal component. Based
on the two counting results, a digital signal corresponding to
a difference between the first and second analog signals is
generated. The two counting processes are performed accord-
ing to the above-described DDR counting method.

As the DDR counter 861 having an operating speed two
times higher than a general counter is used to perform DDS,
the CMOS image sensor may have an improved operating
speed and operating margin, and reduce power consumption.

In accordance with the embodiments of the present inven-
tion, as the DDR counter is implemented with a simple circuit
(for example, a latch), the DDR counter may reduce the
power consumption and increase the operating speed more
than the conventional DDR counter.

Furthermore, the DDR counter utilizes the second count-
ing clock as the LSB, and determines the state of the second
counting clock, which is to be used as the LSB of the counter
in the signal counting period based on the last bit state of the
LSB in the reset counting period so that counting is continu-
ously performed from the reset counting period to the signal
counting period. Thus, the DDS may be realized according to
the up counting method. Furthermore, the DDR counter may
prevent an error during the DDS process, thereby providing a
more precise image signal.

Furthermore, the counter having reduced power consump-
tion and increased operating speed may be used to more
efficiently perform analog-digital conversion.

Furthermore, the image sensor including a plurality of
counters having an improved performance based on the
reduction of power consumption and the increase of operating
speed may significantly reduce power consumption, and may
increase the operating margin of the image sensor according
to the high operating speed of the counter.

Although various embodiments have been described for
illustrative purposes, it will be apparent to those skilled in the
art that various changes and modifications may be made
without departing from the spirit and scope of the invention as
defined in the following claims.

What is claimed is:

1. A double data rate (DDR) counter comprising:

a clock selection unit suitable for selectively inverting a
first counting clock based on a control signal and for
outputting a second counting clock;

a first latch stage suitable for latching the second counting
clock based on a counting enable signal and for output-
ting the least significant bit (LSB) of the DDR counter;

a determination unit suitable for generating the control
signal based on the last bit state of the L.SB in a reset
counting period; and

a second latch stage suitable for receiving the L.SB as a
clock input to generate a higher bit of the LSB at least in
a main counting period.
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2. The DDR counter of claim 1, further comprising a count-
ing clock generation unit suitable for generating the first
counting clock based on a clock, a counter start signal, and the
counting enabling signal.

3. The DDR counter of claim 2, wherein the counting clock
generation unit comprises:

an AND gate suitable for performing an AND operation on
the clock and the counter start signal; and

a NAND gate suitable for performing a NAND operation
on an output signal of the AND gate and the counting
enable signal.

4. The DDR counter of claim 2, further comprising an
inversion unit suitable for selectively inverting a basic count-
ing period signal in the reset counting period based on an
inversion selection signal, and outputting the counting enable
signal.

5. The DDR counter of claim 4, wherein the inversion unit
comprises:

a switching section suitable for selecting a pass path or an
inversion path based on the inversion selection signal;
and

an inversion section suitable for inverting the basic count-
ing period when the inversion path is selected by the
switching section.

6. The DDR counter of claim 1, further comprising cas-

caded latch stages,

wherein the second latch stage and the cascaded latch
stages, each suitable for receiving an output bit of a
previous stage as a clock input and for receiving an
output bit thereof as a data input to operate as a ripple
counter.

7. The DDR counter of claim 1, wherein the clock selection

unit comprises:

a switching section suitable for selecting a pass path or an
inversion path based on the control signal; and

an inversion section suitable for inverting the counting
clock when the inversion path is selected by the switch-
ing section.

8. The DDR counter of claim 1, wherein the first latch stage
comprises a latch suitable for latching the second counting
clock to output the latched clock as the LSB.

9. The DDR counter of claim 1, wherein the determination
unit comprises a latch suitable for latching the last bit state of
the LSB in the reset counting period in response to the count-
ing enable signal, and outputting the control signal corre-
sponding to the latched signal.

10. An analog-digital converter comprising:

a comparator suitable for comparing an analog signal with

a reference signal and for generating a comparator out-
put signal; and

a DDR counter suitable for performing a counting opera-
tion on the comparator output signal based on a clock
and for generating a digital signal corresponding to the
analog signal,

wherein the DDR counter comprises:

an inversion unit suitable for selectively inverting the com-
parator output signal in the reset counting period based
on an inversion selection signal and for outputting a
counting enable signal;

a counting clock generation unit suitable for generating a
first counting clock based on the clock, the counting
enabling signal, and a counter start signal;

a clock selection unit suitable for selectively inverting the
first counting clock based on a control signal and for
outputting the second counting clock;
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a first latch stage suitable for outputting the second count-
ing clock based on the counting enable signal and for
outputting the least significant bit (LSB) of the DDR
counter;

a determination unit suitable for generating the control
signal based on the last bit state of the LSB in the reset
counting period; and

a second latch stage suitable for receiving the L.SB as a
clock input to generate a higher bit of the LSB at least in
a main counting period.

11. The analog-digital converter of claim 10, further com-

prising cascaded latch stages,

wherein the second latch stage and the cascaded latch
stages, each suitable for receiving an output bit of a
previous stage as a clock input and for receiving an
output bit thereof as a data input to operate as a ripple
counter.

12. The analog-digital converter of claim 10, wherein the
first stage comprises a latch suitable for latching the second
counting clock to output the latched clock as the LSB of the
DDR counter.

13. The analog-digital converter of claim 10, wherein the
determination unit comprises a latch suitable for latching the
last bit state of the LSB in the reset counting period in
response to the counting enable signal, and for outputting the
control signal corresponding to the latched signal.

14. A CMOS image sensor comprising:

a pixel array suitable for generating an analog signal cor-

responding to incident light;

aplurality of comparators, each suitable for comparing the
analog signal with a ramp signal and for generating a
comparator output signal;

a plurality of DDR counters, each suitable for performing
a counting operation on the corresponding comparator
output signal based on a clock provided from the control
unit and for generating a digital signal corresponding to
the analog signal; and

a control unit suitable for controlling the operations of the
pixel array, the comparators, and DDR counters,
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wherein each of the DDR counter comprises:

an inversion unit suitable for selectively inverting the cor-
responding comparator output signal in the reset count-
ing period based on an inversion selection signal pro-
vided from the control unit and for outputting a counting
enable signal;

a counting clock generation unit suitable for generating a
first counting clock based on the clock, the counting
enabling signal, and a counter start signal provided from
the control unit;

a clock selection unit suitable for selectively inverting the
first counting clock based on a control signal and for
outputting the second counting clock;

a first latch stage suitable for outputting the second count-
ing clock on the counting enable signal and for output-
ting the least significant bit (LSB) of the corresponding
DDR counter;

a determination unit suitable for generating the control
signal based on the last bit state of the L.SB in a reset
counting period; and

a second latch stage suitable for receiving the LSB as a
clock input to generate a higher bit of the LSB at least in
a main counting period.

15. The CMOS image sensor of claim 14, further compris-

ing cascaded latch stages,

wherein the second latch stage and the cascaded latch
stages, each suitable for receiving an output bit of a
previous stage as a clock input and for receiving an
output bit thereof as a data input to operate as a ripple
counter.

16. The CMOS image sensor of claim 14, wherein the first
stage comprises a latch suitable for latching the second count-
ing clock to output the latched clock as the LSB of the corre-
sponding DDR counter.

17. The CMOS image sensor of claim 14, wherein the
determination unit comprises a latch suitable for latching the
last bit state of the LSB in the reset counting period and for
outputting the control signal corresponding to the latched
signal.



